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Summary: In a phase I study, ten ovarian cancer patients with extensive met- 
astatic disease despite chemotherapy were immunized three to eight times 
subcutaneously with the synthetic form of the immunodominant disaccharide 
(0Gall-»3aGalNAc) of the Thomsen-Friedenreich antigen conjugated to KLH 
(TFa-KLH) plus DETOX adjuvant. Six patients were given a "low" dose of 
TFa-KLH (100 u.g/injection) and four patients were given a "high" dose (500 
M-g/mjection). All patients received a single low-dose cyclophosphamide treat- 
ment (200 mg/m i.v.) 3 days prior to commencement of the series of immuni- 
zations. Immunizations were 2 weeks apart. Little or no toxicity was noted. As 
expected, all patients (prior to immunization) had naturally occurring IgM 
antibodies against the synthetic TFa hapten. None of the patients had detect- 
able pre-existing IgG or IgA antibodies against synthetic TFa hapten. Nine of 
the ten oyanan cancer patients showed a significant increase in IgM titer above 
pre-existing levels following immunizations with TFa-KLH plus DETOX ad- 
juvant. These same patients also produced IgG anti-TFa and eight of these also 
produced IgA anti-TFa, although the IgA responses were weaker. Most of the 
IgG responses followed the IgM responses by 2-4 weeks. Two patients pro- 
duced a vigorous IgG response after their first TFa-KLH injection, suggesting 
a recall response. Both direct ELISAs on various solid-phase synthetic car- 
bohydrate antigens and hapten inhibition experiments confirmed the TFa hap- 
ten specificity of the antibodies. IgM and IgG anti-TFa-specific antibodies 
reacted with natural TF antigen, by ELISA and FACS analysis, although the 
titers were generally lower than the titers against the immunizing TFa hapten. 
Increased levels of cytotoxic antibodies against TF-expressing tumor cell tar- 
gets were detected in eight of the ten patients following immunization. One 
patient who had no detectable cytotoxic antibodies prior to immunization de- 
veloped increasingly strong cytotoxic antibodies as a function of the number of 
immunizations. The low antigen dose patients showed as good or better hu- 
moral immune responses than the high antigen dose patients. All four high- 
dose and four of six low-dose patients developed moderate to strong DTH 
reactions at the vaccination sites. Our results demonstrate that KLH is an 
acceptable carrier for carbohydrate haptens in humans and that DETOX is an 
appropriate nontoxic adjuvant for the generation of high-titer specific anti- 
carbohydrate responses in human cancer patients. To our knowledge, this is 
the first demonstration that synthetic carbohydrate antigens can be used to gen- 
erate an immune response in humans against a clinically relevant cancer- 
associated antigen. Key Words: Cancer vaccine— ^Synthe tic carbohydrate— Active 
specific iHimunothcrai/y — i uuniscn-rrieuenreich — Human immune response. 
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The Thomsen-Friedenreich (TF) antigen is 
strongly expressed on the majority of human carci- 
nomas and is very restricted in its expression on the 
cell-surface of normal adult -tissue (1). The-TF de- 
terminant is cryptic in many normal human epithe- 
lial tissues, erythrocytes, and lymphocytes, and can 
be exposed on the cell surface by removal of sialic 
acid with neuraminidase treatment (1-4). The TF 
determinant is expressed on the cancer cell surface 
on certain mucin-like molecules, and is also found 
on shed mucins (5,6). TF antigen expression on can- 
cer cells has been associated with cancer aggres- 
siveness, metastasis, and poor prognosis (1,7-13). 
We have previously described the potential of using 
synthetic carbohydrate antigens, including TF, for 
the derivation of monoclonal antibodies for immu- 
noscintigraphy and have suggested that the same 
synthetic determinants could be used for active spe- 
cific immunotherapy (ASI) of cancer (14-16). 

We have used the TA3-Ha murine mammary ad- 
enocarcinoma animal model (13,17,18) to show that 
active immunization with the synthetic immu- 
nodominant disaccharide (pGall— >3aGalNAc) of 
the TF antigen conjugated to keyhole limpet hemo- 
cyanin (KLH) can inhibit tumor growth and prolong 
survival (19-21). A recent paper by Singhal and co- 
workers (22) demonstrated a similar prolonged sur- 
vival in TA3-Ha tumor-bearing mice following im- 
munization against Tn, the precursor to TFa. We 
chose the TA3-Ha model for study because this 
well-characterized highly metastatic lethal tumor 
expresses and secretes a mucin called epiglycanin, 
which expresses multiple repeating TF and Tn car- 
bohydrate epitopes similar to human cancer- 
associated mucins (5,6). It appears that epiglycanin 
can protect TA3-Ha tumor cells from the immune 
system (13,23-26). 

Using the animal model, we recently found (27) 
that low doses of intravenous epiglycanin [mimick- 
I ing tumor shedding (26)] are highly immunosuppres- 
| sive, by stimulating suppressor T-cell activity. This 
/ suppressor T-cell activity inhibits the anti-TF im- 
mune response and enhances the lethality of TA3- 
Ha tumors (27). Low-dose cyclophosphamide was 
found to inhibit the epiglycanin-induced suppressor 
activity, enabling effective immunotherapy by im- 
munization of tumor-bearing mice with synthetic 
TF hapten conjugated to KLH emulsified in 
DETOX adjuvant. Such treatment led to long-term 
(>120 days) survival of up to 95% of the mice, com- 
pared with the death of all control mice at approx- 
imately 20 days (20,21). We demonstrated that the 


antitumor effect and delayed-type hypersensitivity 
(DTH) reactions induced by immunization were 
specific to the immunizing TFa hapten (19-21). 

Based on-these encouraging results-and because 
of the widespread expression of the TF antigen on 
the majority of human carcinomas (1), we com- 
menced phase I clinical trials with ovarian cancer 
patients. 

The extended phase I studies were designed to 
test the effect of subcutaneous injections of TFa- 
KLH with DETOX adjuvant, following a single in- 
travenous treatment with low-dose cyclophospha- 
mide. The patients were closely monitored for DTH 
skin reactions to the vaccine as well as possible 
toxicity of the vaccine. In addition, the patients 
were tested for specific humoral immune responses 
using our chemically defined synthetic cancer- 
associated carbohydrate antigens as well as classi- 
cal cryptic and cancer-associated TF antigen. 

MATERIALS AND METHODS 
Clinical Trial Design 

The patients in the study were treated at the 
Cross Cancer Institute in Edmonton or the Tom 
Baker Cancer Centre in Calgary and had identifi- 
able metastatic ovarian cancer, residual or relapsed 
after at least platinum-based chemotherapy. 

The patients at pretherapy evaluation had their 
blood tested for lymphocyte phenotype profiling 
and serum tested for anti-TFot antibodies. 

Cyclophosphamide was administered prior to the 
first immunization. All patients were given cyclo- 
phosphamide, 200 mg/ml intravenously, followed 3 
days later by the first ASI "vaccine" treatment. 
The vaccine was injected subcutaneously at two 
sites (0.5 ml each site) in the upper arms and thighs. 
All patients received TFa-KLH plus DETOX and 
were immunized initially four times at 2 week inter- 
vals. Six patients were immunized with 100 \Lg of 
TFa-KLH plus DETOX (low dose) and four pa- 
tients were immunized with 500 jig of TFa-KLH 
plus DETOX (high dose). 

Two weeks following the fourth treatment, pa- 
tients were fully re-evaluated clinically and immu- 
nologically. Patients who had stable or responding 
ovarian cancer and evidence of an immune re- 
sponse after four ASI treatments were eligible to 
receive a further four immunizations at approxi- 
mately 1 month intervals. Patients who were stable 
and who had no detectable immune response were 
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eligible to receive a repeat cyclophosphamide injec- 
tion followed by a further four immunizations at 2 
week intervals. 

Antigens and Haptens 

All haptens and immunoconjugates were pro- 
vided by Biomira, Inc. (Edmonton, Alberta, Can- 
ada): aDGaINAC-OR = Tn; pDGal 
(l-+3)aDGaiNAC-OR = TFa; pDGal(l->3) 
pGalNAC-OR = TF3; aDNeuN Ac(2— »6) 
aDGalNAc-OR = sialyl-Tn; 0DGal(l->3) 
[aDNeuNAc(2-»6)]aDGalNAc-OR = sialyl-TFct. 
R is a linker arm that can be used for covalent at- 
tachment of the hapten to a protein carrier. 

Various conjugates were generated by covalent 
linkage of various haptens to KLH or human serum 
albumin (HSA) as previously described (19,21). 

Vaccine Preparation 

TFa-KLH was provided as a sterile, pyrogen- 
free pharmaceutically acceptable formulation by Bi- 
omira, Inc. DETOX (RIBI ImmunoChem Re- 
search, Inc., Hamilton, MT, U.S.A.) is a sterile, 
pyrogen-free preparation (28) and is formulated as a 
lyophilized oil droplet emulsion containing mono- 
phosphoryl lipid A and cell wall skeleton from My- 
cobacterium phlei. Immediately prior to injection, 
the TFa-KLH was reconstituted with phosphate- 
buffered saline (PBS) and added to the lyophilized 
DETOX to give a final volume of approximately 1 .0 
ml and 100 or 500 u,g of TFa-KLH. The final mix- 
ture was administered as one-half volume (—0.5 ml) 
of each dose injected subcutaneously into each of 
two sites, alternating each treatment between upper 
arms (deltoid region) and anterolateral thighs. 

Purification of TF Mucin and Epiglycanin 

Human tumor-associated TF mucin was purified 
from LS174T cells (a colon adenocarcinoma cell 
line), as previously reported (6). Briefly, the culture 
supernatant was concentrated about 20-fold using a 
High Output Stirred Cell 2000 (Amicon Corpora- 
tion, Danvers, MA, U.S.A.) with a membrane hav- 
ing a molecular weight cutoff of 100,000. The con- 
centrated supernatant was fractionated on a gel fil- 
tration column (Sephacryl S 500 HR; Pharmacia 
Canada, Baie d'Urfe, Quebec, Canada). The frac- 
tions containing the TF mucin were detected by a 
sandwich radioimmunoassay (RIA) (6) and were 
pooled and further purified by affinity chromatog- 


raphy on a monoclonal antibody (MAb) 49H.8 af- 
finity column. 

Epiglycanin was purified from TA3Ha ascitic 
fluid by the same procedure. Asialoglycophorin, a 
well-known source of natural TF antigen, was pur- 
chased from Sigma Chemical Company (St. Louis, 
MO, U.S.A.). Glycophorin is the erythrocyte- 
derived glycoprotein that carries cryptic TF anti- 
gen. 

Affinity Purification of Anti-TFa Antibodies 

Anti-TFa antibodies were purified from patient 
serum samples by affinity chromatography using a 
Synsorb T (synthetic TFa hapten immobilized on 
an inert matrix; supplied by Chembiomed Ltd., Ed- 
monton, Alberta, Canada) column. The serum sam- 
ple (0.5 ml) was diluted to the Synsorb T column 
(bed volume of 10 ml). The column was washed 
with PBS to remove unabsorbed protein, and then 
eluted with 0.1 M glycine HC1 with 0.15 M NaCl 
(pH 2.8). The eluted fractions were pooled, neutral- 
ized with 1 M Tris base, and dialyzed against PBS. 

In order to obtain purified anti-TFa IgG, the 
above sample was loaded on a Protein A column 
(Pharmacia, Piscataway, NJ, U.S.A.; bed volume 
of 5 ml), washed with PBS, eluted with 0.1 M gly- 
cine HC1 with 0.15 M NaCl (pH 2.8), neutralized, 
and dialyzed against PBS. 

ELISA for Anti-TF Antibodies 

Microtiter 96-well plates were coated with vari- 
ous haptens conjugated to HSA or various sources 
of natural TF glycoproteins. Control wells were 
coated with HSA only. Coated plates were blocked 
with 0.8% gelatin. Serial dilutions of patients' sera 
or purified antibodies were incubated on the anti- 
gen-coated plates at room temperature for 1 h, after 
which the wells were thoroughly washed. Alkaline 
phosphatase-labeled specific anti-human IgA, IgG, 
IgM, or IgE (Kirkegaard and Perry Laboratories, 
Inc., Gaithersburg, MD, U.S.A.) antibodies were 
added to appropriate wells and incubated at room 
temperature for I h. Each plate was then thoroughly 
washed and p-nitrophenyl phosphate substrate was 
added to each well. After 30 min at room tempera- 
ture, 1 M HC1 was added to each well to stop the 
enzyme reaction and the absorbance was read on an 
enzyme-linked immunosorbent assay (ELISA) 
reader. Positive control high-titer patient sera were 
used on each plate to insure reproducibility of re- 
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suits among plates and assays. Background optical 
density (OD) readings on HSA-coated wells were 
subtracted from readings obtained on TFa-HSA- 
coated wells. The results of the titration are re- 
ported as the reciprocal of the highest serum dilu- 
tion at which the optical density was greater than 
0.12. 

Hapten Inhibition of the Anti-TF ELISA 

An appropriate dilution of immune serum calcu- 
lated to give an OD of approximately 1.0 when 
tested with an ELISA with TFa-HSA or asialogly- 
cophorin on the solid phase was mixed with the 
appropriate dilution of hapten in microtiter plates. 
All dilutions were made in PBS, pH 7.4. The hap- 
ten-semm mixtures were incubated overnight at 
2-6°C and the next morning transferred to ELISA 
plates containing solid-phase TFa-HSA. The cov- 
ered ELISA plate was then incubated at room tem- 
perature for 1 h and the ELISA was developed as 
described above. 

Neuraminidase Treatment of Cells 

Neuraminadase treatment of human lymphocytes 
or leukemia cells was essentially as previously de- 
scribed (3). Briefly, human lymphocytes were iso- 
lated from normal donors either using Ficoll Hy- 
paque or a iymphoprep direct draw tube (Becton 
Dickinson, Mountain View, CA, U.S.A.), washed, 
and resuspended in PBS at 2-10 x 10 6 /ml. The hu- 
man T-cell leukemia cell line, Ichikawa (29), was 
harvested from cell culture. The cells were thor- 
oughly washed and resuspended in PBS. The stock 
neuraminidase was made up at 1 unit/ml and frozen 
in 1 ml aliquots at — 20°C. An equal volume of stock 
neuraminidase was added to the cells so that the 
final concentration of neuraminidase was 0.5 units/ 
ml. The mixture was then incubated at 37°C for 45 
min. After incubation, the ceils were washed two 
times in PBS with 1% bovine serum albumin (BSA) 
and 0.02 M sodium azide. Lymphocytes that have 
been neuraminidase-treated are referred to as NE 
lymphocytes (NE-Ly). 

Fluorescent Staining 

The cells to be stained [human lymphocytes, 
Ichikawa cells, or 647V cells (a TF antigen express- 
ing human bladder cancer cell line (30)] were resus- 
pended in PBS with 1% BSA and 0.02 Af sodium 
azide. A total of 5 X 10 5 — 1 X 10 6 cells were nlac^ri 


into a V-bottom 96-well plate (Dynatech Labs, Inc., 
Chantilly, VA, U.S.A.) and spun down. The appro- 
priate dilution of unlabeled primary antibody or a 
patient's preimmune or immune sera was then 
added to the cells. The final volume in the wells was 
approximately 0.06" ml. The mixture was then incu^ 
bated on ice for 25 min. After incubation, the cells 
were washed with PBS with 10% BSA and 0.02 M 
Na azide and then a fluorescein isothiocyanate 
(FITC)-labeled secondary antibody, either goat 
anti-human IgM or IgG (Southern Biotech), was 
added and the mixture was incubated for 25 min on 
ice. The ceils were washed and analyzed immedi- 
ately on a FACScan (Becton Dickinson), or fixed 
with 2% paraformaldehyde (PFA) for analysis at a 
later time. The TF antigen-specific MAb 49H.8 (3) 
was used as a control to monitor the expression of 
the TF antigen on the cell surface and was detected 
with an FITC-conjugated goat anti-mouse IgM an- 
tibody (Southern Biotech). 

Hapten Inhibition of Antibody Binding to 
Cell Surfaces 

Hapten inhibition was used to determine if the 
antibody in the patients* sera was specific for the 
TFot epitope expressed on cell surfaces. Approxi- 
mately 5 x 10 5 cells were added to each well of a 
96-well V-bottom plate along with an appropriate 
dilution of patient serum plus the hapten, either 
TFa or Tn. The cells, sera, and hapten were incu- 
bated together for 1.5 h on ice, and then the cells 
were thoroughly washed. Next, an appropriate di- 
lution of FITC-labeled secondary antibody was 
added and incubated for 25 min on ice. FITC- 
labeled goat anti-human IgM and IgG were used as 
described above. After the final incubation, the 
cells were washed and immediately analyzed or 
fixed with 2% PFA for analysis at a later time. 

Complement-Mediated Lysis 

Ichikawa cells were maintained in RPMI 1640 
supplemented with 10% fetal calf serum, 1% L-glu- 
tamine, and 0.1% gentamicin. Two days prior to 
testing, 1.5 x 10 6 cells were seeded to 10 ml of 
media and incubated at 37°C and 5% C0 2 . Cells 
were then harvested and treated with neuramini- 
dase. After 30 min of incubation with neuramini- 
dase, cells were washed twice with PBS plus 1% 
BSA. A total of 3 x 10 6 neuraminidase-treated cells 
were labeled with 600 \lC\ of 3, Cr for 1 h at 37°C. 
a fff*r i jj K*»iin o /*^iic vt/o«-i» washed fcvir times with 
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PBS and 1% BSA and adjusted to a concentration of 
2 x 10 5 cells/mi. 

Dilutions of test sera were made in PBS and \% 
BSA. The assay was performed in U-bottom micro- 
titer plates that had been blocked with 0.8% gelatin 
in TPBS for 2 h at room temperature. Fifty micro- 
liters of diluted sera was mixed with 50 pJ (1 x 10 4 ) 
of labeled Ichikawa target cells. Plates were incu- 
bated at 4°C for 1 h and then washed using 100 yA of 
PBS and Wo BSA. One hundred microliters of 10% 
complement in PBS (Lo Tox H Rabbit Comple- 
ment, Cedarlane Labs. Ltd., Hornby, Ontario, 
Canada) was added to all wells and incubated for 1 
h at 37°C. The reaction was stopped by adding 75 *jl1 
of cold PBS and the plates were centrifuged at 1,000 
rpm for 10 min. A fraction of the supernatant was 
collected and counted in a gamma counter. Control 
wells containing target cells in PBS alone, comple- 
ment alone, and Triton- 10X (total release) were in- 
cluded in each plate. 

The percent specific 5I Cr release was calculated 
as follows: 

[cpm (experimental) — cpm 
(spontaneous release in complement alone)l ^ 

[cpm (maximum release) - cpm 
(spontaneous release in complement alone)] 

RESULTS 

Skin Reactions of Ovarian Cancer Patients 

Little or no toxicity was noted following up to 
eight subcutaneous immunizations with TFa-KLH 
plus DETOX. Most of the patients developed a 


moderate to strong DTH reaction at the vaccine 
injection site. A typical DTH reaction was noted 
that first appeared approximately 12 h after immu- 
nization. These reactions peaked at 48 h and sub- 
sided by 72-96 h. In several cases, small, flat, sub- 
cutaneous granulomas (2-15 mm diameter) subse- 
quently developed at injection sites. These 
gradually subsided over the next 4-6 weeks. 

One patient was concerned by a granuloma with 
overlying induration of approximately 5 cm and she 
had it incised by someone external to the study. 
One patient was withdrawn from the study after she 
had an acute local allergic reaction after the third 
immunization at one of the two treatment sites. The 
reaction resolved quickly following intravenous hy- 
drocortisone and diphenhydramine. 

Humoral Immune Response to the Synthetic 
TFot Hapten 

Sera of nine of ten patients demonstrated both an 
IgM and an IgG anti-TFot hapten response when 
tested with TFa-HSA using ELISA (Table 1, Fig. 
1). Surprisingly, two of the patients (patients 3 and 
5) demonstrated a particularly vigorous IgG re- 
sponse following the first immunization that in- 
creased in parallel with the IgM response (Fig. 1). 
The timing and vigor of these responses indicate a 
memory response to a recall antigen. Eight of ten 
patients demonstrated an IgA response (Table 1). 
None of the patients in the study generated detect- 
able IgE anti-TF antibody. One patient (no.6) did 
not produce any detectable IgM, IgG, or IgA anti- 
TF antibodies. 


TABLE 1. Maximum antibody titers obtained in ovarian cancer patients 


Test antigen 


TFa-HSA" KLH 
IgM IgG IgA IgM IgG IgA 


Patient No. of 

no. 


r*o. ot 

immunizations Preimmune Max. Preimmune Max. Preimmune Max. Preimmune Max. Preimmune Max. Preimmiine Max. 


Low dose 






1 

8 

20 

1,280 

0 

5.120 

2 

3 

80 

320 

0 

80 

3 

6 

10 

2.560 

5 

5,120 

4 

7 

40 

640 

0 

10,240 

5 

7 

40 

130 

0 

5,120 

6 

4 

40 

40 

0 

0 

High dose 





160 

7 

4 

40 

640 

5 

8 

3 

20 

1,280 

0 

320 

9 

7 

40 

160 

0 

. 80 

10 

4 

320 

130 

0 

160 


0 

20 

80 

320 

40 

320 

10 

320 

0 

40 

160 

320 

40 

320 

10 

80 

0 

160 

40 

320 

40 

1.280 

10 

20 

0 

320 

320 

640 

640 

640 

80 

160 

0 

160 

160 

640 

40 

1,280 

5 

40 

0 

0 

320 

320 

40 

160 

160 

640 

0 

320 

320 

640 

640 

640 

160 

320 

5 

80 

80 

320 

40 

320 

10 

80 

0 

10 

80 

640 

160 

640 

10 

40 

0 

20 

1.280 

2,560 

160 

320 

20 

40 


* Titers are with HSA background OD substracted. 
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FIG. 1. Anti-TFa IgM and IgG titers 
values for each ovarian cancer patient 
as a function of time following immu- 
nizations. Log of the IgM titers (O) are 
plotted on the left y axis and log IgG 
(•) titers are plotted on the right y 
axis. Time in weeks is plotted on the x 
axis, with arrows showing the times of 
immunization. (A) Data from low-dose 
patients (100 u.g of TFa-KLH per in- 
jection); (B) data from high-dose pa- 
tients (500 u,g of TFa-KLH per injec- 
tion); ♦ , time of withdrawal from the 
study. 
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Fine Specificity of IgG Antibodies 

The specificity of selected anti-TFot antibodies 
was determined using two methods: (a) direct bind- 
ing to various synthetic carbohydrate haptens con- 
jugated to HSA (Fig. 2A) and (b) hapten inhibition 


(Fig. 2B). When the IgG antibodies were tested on 
solid-phase TFa-HSA, sialyi-Tn-HSA, and Tn- 
HSAj they demonstrated significant binding only to 
TFa-HSA (Fig. 2A). However, various patterns of 
cross-reactivity with the different haptens were 
noted with the various sera in the hapten inhibition 
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A: SOLID PHASE ANTIGEN 
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FIG. 2. Tests of IgG antibody specificity. (A) 
Results of a solid-phase antigen assay (ELISA) 
performed on a plate coated with TFa-HSA 
(•), sialyl Tn-HSA ( + ). or Tn-HSA (A), on 
serum from two patients after two immuniza- 
tions. (B) Results of inhibition of the direct 
binding to TFa-HSA on the same sera using 
five haptens. TFa-crotyl (•), TF^-hexenyl 
(O), Tn-crotyl ( + ), sialyl TFa-crotyl (□), and 
lactose (x). Patient no.5 TF0, Tn, and lactose 
curves are superimposed (all negative inhibi- 
tions). 


experiments, and the two most predominant pat- 
terns are illustrated in Fig. 2B. Thus, the anti-TFa 
binding of the IgG from patient no. 3 was strongly 
inhibited by both TFa and TF0, mildly inhibited by 
Tn, weakly inhibited by sialyl-TFct, and not at all by 
lactose. In contrast, serum from patient no.5 was 
only inhibited by TFa and sialy!-TFa but not at all 
by the other three related haptens. 

Binding of Anti-TFa Antibodies to 
Neuraminidase-Treated Cells — A Cell Surface 
Source of "Cryptic" Human TF Antigen 

MAb 49H.8 (3), a specific anti-TF reagent (4,7), 
has been shown to bind to neuraminidase- treated, 
but not untreated, human red blood cells (RBCs) 
and lymphocytes (3,4). Figure 3 A shows a FACS 
scan of anti-TF MAb 49H.8 binding to neuramini- 
dase-treated lymphocytes (NE-Ly) but not un- 
treated lymphocytes, confirming that the neuramin- 


idase treatment successfully revealed cryptic TFa 
hapten. Preimmune sera did not show detectable 
binding to NE-Ly when tested at a dilution of 1:40, 
but following immunization, anti-TF IgM (Fig. 3B) 
and IgG antibodies (Fig. 3D) demonstrated signifi- 
cant binding to NE-Ly when tested at the same di- 
lution. The specificity of the binding was confirmed 
by using synthetic haptens. TFa hapten but not Tn 
hapten completely inhibited the binding of both IgM 
(Fig. 3C) and IgG (Fig. 3D) antibodies to NE-Ly in 
a dose-dependent fashion (Fig. 4). 

Binding of Anti-TFa IgG Antibodies to Purified 
TF Antigen 

Selected immune sera were studied in more detail 
in order to confirm the specificity of the IgG anti- 
bodies for natural TF antigen. Figure 5 demon- 
strates that increasing titers of antiasialogiycoph- 
orin IgG antibodies developed in the latter stages of 
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immunization. Human asialoglycophorin is a well- 
known source of classical human TF antigen (1). 
Although there was a significant positive correla- 
tion between the titers of anti-TFa and antiasiaio- 
glycophorin in various postimmunization sera (p < 
0.001), the anti-TFa synthetic hapten titers were 
higher than those measured using asialoglycophorin 
(compare Figs. 1A and 5). Synthetic TFa hapten 
but not Tn synthetic hapten totally inhibited the 
binding of the IgG antibodies to asialoglycophorin, 
confirming their anti-TFa specificities (Fig. 5). 

In order to confirm further the presence of IgG 
antibodies against human TF antigen, we purified 
anti-TF IgG by a two-step procedure. In the first 
step, solid-phase TF synthetic hapten (T-synsorb) 
was used for the affinity purification of anti-TF an- 
tibodies, and in the second phase, the anti-TF anti- 
bodies were poured onto a protein A column and 
the IgG fraction was eluted with 0.1 M glycine HC1 
with 0.15 M NaCl (pH 2.8). A reducing sodium do- 
decyl sulfate (SDS) gel revealed the presence of 
only y heavy chains plus light chains but not the 
presence of detectable jjl chains (data not shown). 
Table 2 demonstrates that the purified anti-TFa IgG 
fraction reacts with not only the hapten used for its 
purification (TFa), but also three natural sources of 
TF antigen: epiglycanin, human TF mucin, and 
asialoglycophorin. Once again, the titers were 


80 


60 
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FIG. 3. FACS analysis of binding of 
anti-TFa serum antibodies to human 
cell-surface TF antigen. (A) Binding of 
anti-TFa MAb 49H.8(7) to neuraminic 
dase-treated human lymphocytes (right 
curve) but not untreated lymphocytes 
(left curve). (B) Binding of IgM anti- 
bodies from immune (right curve) but 
not preimmune sera (left curve) to 
neuraminidase-treated human lympho- 
cytes (NE-Ly). Serum dilution tested 
= 1:40. (C) TFa hapten-specific inhi- 
bition of binding of IgM anti-TF anti- 
bodies from immune sera to NE-Ly. 
Left curve represents TFa hapten inhi- 
bition while the two right curves are 
control (no hapten added) or Tn hapten 
added (negative control). Serum dilu- 
tion tested = 1:40. (D) TFa hapten- 
specific inhibition of binding of IgG 
anti-TF antibodies from immune sera 
to NE-Ly; same groups as in C. Serum 
dilution tested - 1:40. 
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FIG. 4. The presence of specific anti-TFa antibody (IgM and 
IgG) is shown by hapten inhibition. Immune sera from patient 
no. 3 has specific IgM and IgG anti-TF antibody that is inhibited 
from binding to neuraminidase-treated lymphocytes with a range 
of TFa hapten concentrations. There is little or no inhibition of 
binding of the IgM and IgG antibodies with the Tn hapten. Serum 
tested at a 1:40 dilution; O, IgM test following preincubation of 
serum with various concentrations of TFa hapten; □, IgG test 
following incubation with various concentrations of TFa hapten; 

IgM test following preincubation with various concentrations 
of Tn hapten; and ■, IgG test following preincubation with var- 
ious concentrations of Tn hapten. 
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FIG. 5. The development of IgG antibodies 
against a soluble purified source of human TF 
antigen. Sera collected following the fourth, fifth, 
sixth, and seventh immunizations of patient no.4 
were tested at various dilutions on solid-phase 
asialoglycophorin in an ELISA. The curves geo- 
e rated using the preimmune serum and sera col- 
lected following the first, second, and third im- 
munizations are very similar to the fourth immu- 
nization curve. at 1:10 dilution of serum 7, 
shows the decreased OD due to inhibition by Tn 
hapten and TFa hapten as indicated. 
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higher when tested with synthetic TFa-HSA in 
comparison with binding to natural sources of TF 
antigen (Table 2). The purified IgG fraction was also 
shown to react with 647V human bladder cancer 
cells (Fig. 6B), a cell line that strongly expresses TF 
antigen (6,30) as well as a tumor-derived source of 
cryptic TF antigen, neuraminidase-treated human 
T-cell leukemia (Ichikawa) cells (Fig. 6A). The 
binding of the purified IgG fraction to the cells 
could be specifically inhibited with TFa but not Tn 
hapten (Fig. 6A and 6B). Finally, the purified IgG 
fraction and postimmune sera from patient no. 5 was 
shown to react with an ovarian carcinoma cell line, 
OVCAR-3, which was found to express the TF an- 
tigen detected by MAb 49H.8 (Table 3). 


Complement-Mediated Cytotoxicity of Sera from 
Immunized Patients 

In order to determine possible effector function 
of the anti-TFa antibodies, preimmune sera from all 
of the patients in the study were compared with 
selected postimmune sera from the same patients. 
Eight of the ten patients showed a significantly in- 
creased cytotoxic antibody response following im- 
munization (Table 4) and only patients 2 and 6 did 
not generate detectable cytotoxic antibodies. Pa- 
tient 8 who had no detectable preimmunization cy- 
totoxic antibodies developed increasingly strong 
cytotoxic activity following each immunization (Ta- 
ble 4). The TFa specificity of the cytotoxic antibod- 


TABLE 2. Specificity of purified anti-TF IgG from a patient (no. I) immunized with TFot-KLH plus DETOX 


Concentration 

of purified 
IgG (*JLg/well) 



Test antigen 



TFa-HSA 

Epiglycanin 

Human TF mucin 

Glycophorin 

Asialoglycophorin 

3.90 
0.39 
0.19 

>3.00° 
>3.00 
1.34 

2.05 
0.34 
0.12 

>3.00 
0.42 
0.17 

0.42 
0.06 
0.02 

>3.00 
0.98 
0.43 


" Optical density following ELISA test; background on FCS blocked wells <0.07 OD. 
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FIG 6 The binding of purified anti-TFa IgG antibody from patient no.l to either neuraminidase-treated Ichikawa human leukemia 
cells (A) or 647V human bladder carcinoma cells (B) was inhibited by the addition of 4 mAf TFa hapten, but not 4 mAf Tn hapten. 


ies was demonstrated by TFa hapten but not Tn 
hapten inhibition of the cytotoxic activity of the 
postimmune serum samples (Table 4). 

Clinical Observations on Ovarian Cancer Patients 

Table 5 summarizes the clinical status and out- 
come of the ten patients in this study. As this is a 
nonrandomized pilot study, it would be inappropri- 
ate to attempt any conclusions regarding the impact 
of ASI on their bulky metastatic ovarian cancers. 
Several patients had disease progression within 2 
months, this progression being compatible with 
their extensive disease. Three patients (nos. 1, 3, 
and 9) had disease stability for at least 3 months 
while on therapy. In fact, patient 9 is still stable 4 

TABLE 3. Reactivity of purified anti-TF-lgG and 
postimmune serum IgG with the human ovarian 
carcinoma cell line, OVCAR-3 a 


months after entry into the program but her disease 
has been interrnittently indolent. Patients 1 and 3 
had several abdominopelvic masses. One mass in 
each patient showed a measurable decrease in size 
early during the study, with subsequent relapse 
while still in the study. 


TABLE 4. Complement-mediated cytotoxicity of 
preimmunization vs. postimmunization sera 


Serum from 
patient no. 


Preimmune Postimmune 0 


p value 


Antibody 

Percent positive cells ± SD* 

49H.8 C 

61 ± 3 

IgM control 

7 ±2 

Purified anti-TF IgG rf 

33 * 4 

IgG control 

9*3 

Preimmune serum* 

16 ± 2 

P stimmune serum'-^ 

84 * 10 



18 ±9* 

42 


7 

<0.05 c 

1 plus TFa hapten 

N.D. 

21 


7 

<0.01 rf 

1 plus Tn hapten 

N.D. 

40 


3 

-N.S* 

2 

16 ± 7 

21 


1 

N.S. C 

3 

15 ± 2 

35 


5 

<0.02 c 

4 

42 ± 11 

60 


1 

<0.01 c 

5 

8 ± 3 

34 


2 

<0.001 c 

6 

3 ± 1 

2 


2 

N.S. C 

7 

12 + 9 

32 


6 

<0.01 c 

8 

0 

28 


9* 

<0.00l c 


0 

44 


</ 

<0.001 c 


0 

55 


9* 

<0.001 c 

9 

5 ± 1 

15 


4 

<0.05 c 

10 

10 ± 4 

22 


1 

<0.02 c 


a Obtained from the American Type Culture Collection. 
b Estimated from FACSCAN analysis. 
c Anti-TF MAb (3). 

d From postimmune serum of patient no. 1 1 see Table 2. 
* From patient no. 5 1 sera were diluted 1:20 for test. 
/From serum collected 2 weeks after the seventh immuniza- 


N.D., not done; N.S., not significant. 

a Serum sample at time of peak anti-TFa IgG titer except for 
patient no. 8. 

6 Percent 3, Cr release from neuraminidase-treated Ichikawa 
cells ± SD. 

c Student's t test comparing preimmune vs. postimmune sera. 
d Student's t test comparing postimmune sera of patient no. 1 
with and without haptens (4 mAf TFa or Tn hapten). 

* Serum taken 2 weeks after first immunization. 

f Serum taken 2 weeks after second immunization. 

* Serum taken 2 weeks after third immunization. 
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TABLE 5. Clinical status of ovarian adenocarcinoma patients 


Patient 






• 


trial 

Age 



Entry 

Extent of disease 

Status at 

Reasons for 

no. 

(years) 

Stage 

Grade 

date 

at entry 

completion 

withdrawal 

001 

63 

III 

II 

10A3 1/90 

Ascites, large pelvic mass; 
cystic metastasis in pelvis 
and upper abdomen 

Persisting bulky disease?; 
progression at 7 months 

Study completed 

002 

47 

III 

II 

10/31/90 

Mass above vaginal vault 

Bowel obstruction at 1 .5 
months 

Disease progression 

003 

48 

III 

III 

11/7/90 

Two large abdominal 

Masses enlarging at 3 

Disease progression 





masses 

months 


004 

68 

III 

m 

12/11/90 

Abdominal masses 

Progression of palpable 

Patient request 





disease at 5 months 


005 

51 

III 

u 

12/11/90 

Large mass in spleen 

Progression at 5 months 

Patient request 





because of concern 
about granuloma 

006 

39 

ni 

N/A 

12/12/90 

Pelvic mass 

Bowel obstruction at 1.5 

Disease progression 





months 


rmn 

UU/ 

j / 

rv 

II 

1/9/91 

Large hepatic metastases. 

Enlarging hepatic 

Disease progression 





pelvic mass 

metastases at 2 months 


008 

59 

ni 

II 

1/30V91 

Mass near liver; masses in 

Stable at 1 month; 

Localized acute 




pelvis 

subsequently progressed 

allergic reactions 

009 

38 

rv 

I 

2/6/91 

Bilateral pleural effusions; 

Stable on study at 4 months 

Still on study 





ascites, mass in abdomen 



010 

58 

rv 

I 

2/28/91 

Small pelvic nodule; cystic 

Enlarging liver metastasis at 

Disease progression 





lesions in liver 

2 months 



DISCUSSION 

To our knowledge, this study represents the first 
clinical trial using synthetic cancer-associated car- 
bohydrate antigens in human cancer patients. The 
clinical results were obtained at two cancer centers 
using two different doses of TFa-KLH plus 
DETOX. The clinical program resulted from our 
successful ASI studies with the TA3-Ha murine 
mammary adenocarcinoma (19-21), which secretes 
and sheds a TF-bearing mucin. 

Naturally occurring anti-TF IgM antibodies are 
present in all normal human sera possibly due to 
antigenic stimulation with cross-reacting carbohy- 
drate antigens on the bacterial flora in the gut (1). 
The titers of natural anti-TF antibocjies have been 
reported to decrease in carcinoma patients possibly 
due to the formation of antigen-antibody complexes 
(1,31). There is a great deal of variation in pre- 
existing anti-TF IgM titers, especially in cancer pa- 
tients (1,31). We have confirmed this in the present 
study as, for example, one patient (no. 10) had a 
preimmunization titer of 1:320, which exceeded 
postimmunization titers of two other patients in the 
study. Immunization caused a significant increase 
in anti-TF IgM levels in nine of ten cancer patients 
in our study. 

The fine specificity of the anti-TF response was 
determined using synthetic glycoconjugates in a 
solid-phase ELISA and synthetic hapten inhibition 


of binding of the antibodies to TFot-HSA. Although 
specific reactivity with TFa hapten was noted-ifi 
our solid-phase ELISAs, the hapten^inhibition ex- 
periments revealed varying clegrees of cross- 
reactivity to other related ^ymhetic TF-like hap- 
tens. Increased titers of antibodies that reacted with 
classical cryptic TF antigen were clearly demon- 
strated in sera from the (immunized ovarian cancer 
patients. This reactivity (could be specifically inhib- 
ited by the synthetic TFot hapten. The anti-TFa IgG 
antibodies reactive against purified sources of TF 
antigen showed lower titers on natural TF than on 
synthetic TFa hapten, suggesting that the TF disac- 
charide [|3Gal(l— >3)aGalNAc] may be an imperfect 
mimic of a more complete B-cell epitope. We sug- 
gest that in addition to the TF disaccharide, the 
O-linked serine to which it is attached in natural 
forms of the TF antigen may generate a more com- 
plete B-cell epitope. This hypothesis is currently 
being tested. 

Although preimmune sera did not contain detect- 
able levels of IgG reactive with synthetic TFa hap- 
ten, nine of ten patients immunized with TFa-KLH 
plus DETOX adjuvant produced IgG that reacted 
specifically with synthetic TFa hapten and some of 
the patients produced relatively high titers. Most of 
the patients who developed an IgG response to TFa 
had a classical delayed response following the initial 
IgM response, with a gradually increasing IgG titer 
following sequential immunizations. Of particular 
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note were two patients treated with the low-dose 
vaccine who showed an unexpected and vigorous 
early IgG response following the first immuniza- 
tion. We suggest that they may have been 
''primed" by previous exposure to a cross-reacting 
antigen, possibly the natural TF antigen expressed 
by their cancers. 

Eight of the ten patients developed antibody with 
complement-mediated cytotoxic activity against 
leukemia cell targets bearing exposed TF antigen. 
One patient who had no detectable pre-existing cy- 
totoxic antibodies developed a strong cytotoxic re- 
sponse as a function of the number of immuniza- 
tions. One of the two patients (no. 6) who devel- 
oped no detectable cytotoxic antibodies was the 
only patient not to develop any detectable IgM or 
IgG anti-TFot antibodies detectable by ELISA. The 
other negative patient (no. 2) developed relatively 
low IgM and IgG anti-TFot antibodies detectable by 
ELISA. Interestingly, these two patients were 
among those whose disease progressed the most 
rapidly. 

Our results suggest that KLH is an appropriate 
carrier for carbohydrate haptens in humans and that 
DETOX is an acceptable adjuvant for the genera- 
tion of high titer specific anticarbohydrate re- 
sponses in human cancer patients. 

As the TF antigen and anti-TF antibodies exist in 
all patients prior to immunization, the possibility 
should be addressed that the use of DETOX adju- 
vant alone might contribute to increased anti-TF 
antibody levels. To test this possibility, we have 
analyzed sera from two other clinical trials that em- 
ployed DETOX as an adjuvant but a different car- 
bohydrate hapten conjugated to KLH. Sera from 
melanoma patients following immunization with 
GM2-KLH plus DETOX contained anti-GM2 anti- 
bodies but the level of anti-TF antibodies were not 
elevated above preimmunization levels. In addition, 
breast cancer patients immunized with sialyl-Tn- 
KLH plus DETOX produced anti-sialyl-Tn antibod- 
ies but not elevated levels of anti-TF antibodies (our 
unpublished data). 

All four high-dose and four of six low-dose pa- 
tients developed moderate to strong DTH reactions 
at the vaccination site. The specificity of the DTH 
reactions elicited at the vaccination sites are un- 
known but it is likely that the KLH carrier proiein 
was responsible for a major part of the reaction. 
The early reactions to the vaccine are unlikely due 
to the presence of the DETOX adjuvant per se (28). 
However, based on observations in cancer patients 


(1) as well as animal model studies (19-21), at least 
part of the skin reactivity to the vaccine may rep- 
resent a DTH to TF hapten. Springer has shown 
that carcinoma patients may have a positive DTH 
reaction to TF antigen (I). Further work with an- 
other series of cancer patients will be required to 
define the specificities of these DTH reactions. 
These trials are currently underway. 

The feasibility of using ASI as a novel therapy 
against human cancer has been demonstrated by 
several investigators using mostly crude extracts of 
human cancer cells (28,32-34). These encouraging 
studies are limited by the inability in most cases to 
measure specific immune responses against defined 
tumor target antigens. More recent studies have 
used natural melanoma-associated gangliosides for 
ASI of human melanoma (35-37) and these have 
demonstrated the feasibility of using defined can- 
cer-associated carbohydrate antigens for ASI of hu- 
man cancer. Some of the melanoma studies em- 
ployed gangliosides adsorbed to bacillus Calmette- 
Gu£rin (BCG) or salmonella. Patients who 
produced the highest antibody titers had the best 
prognosis (35-38) despite the fact that most re- 
sponded with only IgM antiganglioside antibodies. 

With the precedent (39,40) for generating T-de- 
pendent IgG responses to carbohydrate antigens 
conjugated to carrier proteins, we have employed a 
similar strategy in the present study with a cancer- 
associated carbohydrate antigen. In our studies, we 
used KLH as the carrier for a synthetic carbohy- 
drate hapten and have demonstrated the induction 
of a strong IgG response to the TFot hapten. We 
suggest that this approach may be used with other 
cancer-associated carbohydrate antigens (41) for 
the development of immunotherapeutic vaccines. 

Although many studies demonstrate that antibod- 
ies cyan serve as efficient anticancer molecules 
against human tumor cells (38,42-47), the actual 
mechanism(s) of cancer rejection in vivo is still not 
well understood. "Correlative" studies in animal 
models appear to emphasize the importance of cell- 
mediated immune mechanisms (48,49). It may be 
that several immune mechanisms, including both 
humoral and cell mediated, act cooperatively (46) in 
cancer rejection in patients undergoing ASI. One 
advantage to our approach using defined synthetic 
cancer-associated antigens is the potential to mea- 
sure the fine specificities of immune responses to 
the immunotherapeutic vaccines and to probe their 
relevance to natural cancer antigens. In the present 
communication, we emphasize humoral immune re- 
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sponses, but we are presently developing assays to 
study the specificities of cell-mediated immune re- 
sponses against these defined cancer-associated 
carbohydrate antigens. 

The patients have tolerated the ASI very well. In 
two patients, there appeared to be transient reduc- 
tions in size of at least one of their measurable 
masses. However, we will only be able to evaluate 
the clinical efficacy of ASI in prospective, random- 
ized phase III studies. It is also likely that the most 
effective ASI with immunotherapeutic vaccines us- 
ing synthetic antigens will require the use of multi- 
epitopic vaccines, in view of the heterogeneity of 
human cancers. 
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